Introduction
In the United States, lung cancer is the third most common malignancy in people infected with HIV, following Kaposi sarcoma and non-Hodgkin lymphoma [1, 2] . Among HIV-infected people, lung cancer risk is two to six times that of the general population [2] [3] [4] [5] . A high prevalence of tobacco use contributes to this elevated risk [6] [7] [8] , but other possible risk factors include advanced immunosuppression (i.e., AIDS) and chronic pulmonary inflammation or scarring [2, 3, [9] [10] [11] .
Although lung cancer survival is generally poor, appropriate therapy can improve outcomes, and for early stage cancer, be curative. The standard-of-care for treatment of early stage nonsmall cell lung cancer (NSCLC) is surgical resection [12] . For locally advanced lung cancer, acceptable treatments include concurrent chemoradiation, sequential chemoradiation, and, in some cases, surgery with chemotherapy and/or radiation [13] [14] [15] [16] . For limited stage small cell lung cancer, the standard-of-care is chemoradiation and prophylactic cranial irradiation (PCI), whereas for extensive disease, chemotherapy with or without PCI is the treatment of choice [17, 18] .
HIV-infected people who develop lung cancer often present at more advanced stages and have worse survival than HIV-uninfected lung cancer patients [5, 10, [19] [20] [21] . Survival for HIV-infected people with lung cancer is especially poor when CD4 T-lymphocyte (CD4) counts are low or cancer stage is advanced [20] [21] [22] . Available data on patterns of cancer care for HIV-infected patients have come from single-institution case series with small numbers of patients [23] [24] [25] [26] [27] [28] [29] [30] [31] . Few studies have assessed cancer treatment for HIV-infected people with cancer [22, 24, 29, 30] . Therefore, it is unclear whether worse survival for HIV-infected patients with lung cancer reflects more advanced stage at diagnosis, decreased access to care or referral for treatment, decreased efficacy of therapy, increased treatment toxicity, or death from AIDS-related complications.
With the availability of HAART since 1996, the incidence of AIDS has declined and cancer has increased in importance among HIV-infected people [1, 2, 32] . A better understanding of disparities in treatments and outcomes for cancer would help improve care of HIVinfected people. In the present study, linked data from the Texas HIV Registry (i.e., the enhanced HIV/AIDS Reporting System, eHARS) and the Texas Cancer Registry were used to evaluate population-level patterns in treatment and outcomes of lung cancer in HIVinfected and HIV-uninfected individuals.
Methods

Study population
The HIV/AIDS Cancer Match (HACM) Study links 14 US population-based HIV and cancer registries (http:// hivmatch.cancer.gov/). In each state or metropolitan region, registry staff performed a computerized match of records in the HIV and cancer databases. These matches incorporated a probabilistic algorithm followed by clerical review. Only de-identified data were retained by investigators. 
Lung cancer treatment and survival
The Texas Cancer Registry provided data only on the first course of cancer treatment. We assessed receipt of any cancer treatment, defined as surgery, radiotherapy, chemotherapy, or any combination of the therapies as a first course. A standard-of-care treatment variable was defined for local stage NSCLC as administration of surgery or radiation. The analysis related to standard-ofcare was restricted to local stage NSCLC, wherein approaches are well defined and cure is more likely than for regional or distant stage disease.
Texas Cancer Registry data had been linked previously to Texas Department of State Health Services mortality data through December 2009 to obtain vital status, death date, and underlying cause of death. For lung cancer cases, we assessed all-cause mortality and lung cancer-specific mortality. Lung cancer-related deaths were identified using a recently described classification scheme [34] .
Statistical analysis
We compared clinical and demographic characteristics between HIV-infected and HIV-uninfected lung cancer patients. We also compared the proportion of HIVinfected and HIV-uninfected patients who received chemotherapy, radiotherapy, surgery, any therapy, or (for localized NSCLC) standard-of-care therapy. For NSCLC, we used logistic regression to estimate odds ratios (ORs) for treatment across various demographic and clinical characteristics. Multivariate models included year of diagnosis, age, sex, race/ethnicity, stage, histology, and HIV status.
In addition, we created Kaplan-Meier curves to describe overall survival following diagnosis of NSCLC, according to HIV and treatment status. We then used proportional hazards regression to estimate hazards ratios for all-cause mortality and lung cancer-specific mortality, focusing on HIV status with adjustment for cancer stage and treatment. Follow-up was censored after December 2009.
Results
Characteristics of lung cancer patients 
Predictors of lung cancer treatment
As shown in Table 2 , treatment of small cell lung cancer did not differ by HIV status. Due to the small number of HIV-infected small cell lung cancers (N ¼ 33), remaining analyses focused on NSCLC.
For local stage NSCLC, HIV-infected individuals were less likely than HIV-uninfected individuals to receive surgery (45.5 vs. 62.5%, P ¼ 0.04), and there was a trend toward a lower likelihood of receiving chemotherapy (P ¼ 0.07, Table 2 ). As a result, for local stage NSCLC, the HIV-infected group was more frequently untreated (41.9 vs. 14.4%, P < 0.0001). Among people with regional stage NSCLC, HIV-infected individuals were less often treated with chemotherapy or surgery, and more often received no therapy at all, but these differences were not statistically significant (Table 2 ). For distant stage NSCLC, the HIV-infected group was less frequently y P values calculated using the x 2 test, except age at cancer diagnosis for which the Wilcoxon rank-sum test was used. Associations of HIV status and cancer treatment with mortality Following NSCLC diagnosis, HIV-infected people had a higher mortality than HIV-uninfected people, both among those who were treated (Fig. 1a) and those who were untreated (Fig. 1b) . In univariate proportional hazards regression models, HIV infection was a predictor of increased overall mortality, especially among individuals with local stage cancer ( Table 4 ). The association of HIV infection with higher all-cause mortality remained significant after adjustment for demographics and tumor characteristics, as well as when treatment was added to the multivariate model (Table 4) .
HIV infection had a more modest association with lung cancer-specific mortality than with overall mortality, and the associations between HIV status and lung cancerspecific mortality were only significant when all cancer stages were grouped (Table 4 ). There was a suggestion that adjustment for cancer treatment attenuated the association between HIV infection and lung cancer-specific mortality, but CIs for the hazards ratios were wide and overlapped (hazards ratio 1.34, 95% CI 1.15-1.56 adjusted for demographic characteristics and histologic subtype, vs. hazards ratio 1.25, 95% CI 1.06-1.47 in the full multivariate model including treatment; Table 4 ).
We also examined the effect of HIV on mortality by period of diagnosis. The effect of HIV on both all-cause mortality and lung cancer-specific mortality was highest in the earlier calendar periods of the study. Within each time period, the addition of treatment to the model attenuated the hazard ratio associated with HIV infection.
In addition, we performed separate analyses for lung cancer patients with HIV-only and those with AIDS. Both all-cause mortality and lung cancer-specific mortality were higher in the AIDS group compared to the HIV-uninfected group. Nonetheless, the addition of cancer treatment to the model again partially attenuated the effect of AIDS (Table 4) .
Finally, in an attempt to isolate the effect of treatment on the association between HIV infection and mortality, we performed analyses stratified by cancer treatment status. The association between HIV infection and all-cause mortality tended to be stronger in people who received no treatment (adjusted hazards ratio 1.67, 95% CI 1.34-2.09) than in those who received treatment (adjusted hazards ratio 1.48, 95% CI 1.24-1.77), although this difference was not significant (P-interaction ¼ 0.26). HIV infection also appeared more strongly associated with lung cancer-specific mortality among those who received no treatment (adjusted hazards ratio 1.32, 95% CI 1.01-1.72) than in those who were treated (adjusted hazards ratio 1.16, 95% CI 0.94-1.43), but again the difference was not significant (P-interaction ¼ 0.34).
Discussion
In this population-based study, we found that HIVinfected people were less frequently treated for lung cancer than HIV-uninfected people. Furthermore, survival was substantially worse in HIV-infected people with lung cancer than for their HIV-uninfected counterparts, even after adjusting for demographic factors, cancer stage, and histologic subtype. Although the reasons for the worse survival are not entirely clear, our results highlight the important possibility that the lack of cancer treatment contributed to the high mortality among HIV-infected lung cancer patients.
Demographic differences between HIV-infected and HIV-uninfected lung cancer patients reflect the underlying characteristics of the Texas and US HIV-infected population [35] . Compared to their HIV-uninfected counterparts, HIV-infected individuals with lung cancer were more frequently men and non-Hispanic black, findings described in previous studies [2, 3, 21, 22] . Likewise, the relatively young age at lung cancer diagnosis largely reflects the young age distribution of the HIV population [36] . A larger proportion of HIV-infected lung cancer patients were diagnosed in the later time periods of this study, which may be due to aging of the HIV population [1] .
Consistent with previous data [3, 5, 20, 21] , we found that HIV-infected people were less likely to present with local stage and more likely to present with distant or unknown stage. Reasons for advanced presentation are probably multifactorial, including limited healthcare access, delayed diagnosis, nonadherence with medical evaluation, or more aggressive cancer behavior [21, 37] . Most lung cancers in both HIV-infected and HIV-uninfected people were NSCLC, although histologic subtypes differed (Table 1) .
Among individuals with NSCLC, HIV was strongly associated with a lower probability of cancer treatment. HIV-infected patients less often received surgery for local stage cancer, even though such therapy is potentially curative. Further, it appears that for distant stage disease, palliative radiotherapy and chemotherapy may be less frequently administered to HIV-infected patients. Other adverse predictors of treatment included older age, black race, and Hispanic ethnicity, as previously documented [38] [39] [40] [41] . Lung cancer patients classified as unknown stage or NSCLC NOS were also less likely to receive treatment, perhaps reflecting performance status in patients who were too ill to complete a diagnostic work-up.
Receipt of cancer treatment appeared to decline in the most recent calendar period. We believe that this is an artifact of improved coding of treatment data in the Texas Cancer Registry. Specifically, patients with missing data for any of the three treatment modalities (chemotherapy, radiation, or surgery) were coded as 'missing data' and excluded from the analysis, whereas patients who were coded as receiving chemotherapy, radiation, or surgery were coded as 'treated' in our analysis (even if there was some missing data). This approach likely led to an overestimate of the proportion of patients who received cancer treatment. With more complete data in later calendar periods, treatment status was more accurately ascertained, leading to an apparent decrease in the proportion of treated patients.
Importantly, we note that HIV-infected individuals less frequently received treatment than HIV-uninfected individuals, even after adjustment for these demographic and tumor characteristics. Furthermore, the subset of HIV-infected patients with local stage NSCLC were even less likely to receive the standard-of-care treatment, defined as either surgery or radiation. To our knowledge, this is the first population-based study of this size to evaluate the association between HIV and treatment of lung cancer. One study of 39 HIV-infected lung cancer patients found comparable treatment rates among HIV-infected and HIV-uninfected individuals, although HIV-infected patients were less likely to have curative surgical resection for early stage disease [29, 30] . Two other studies of HIV-infected patients with lung cancer found cancer treatment rates of about 70% but did not have HIV-uninfected controls [22, 24] .
Among HIV-infected patients, the presence of AIDS was associated with a lower probability of lung cancer treatment. Although reasons for lower cancer treatment rates in HIV-infected people with lung cancer were not identified in this study, several potential explanations may exist. Providers may perceive HIV-infected patients, especially those with AIDS, to have lower performance status, worse cancer treatment toxicity, lower efficacy of cancer treatment, or lower compliance compared with HIV-uninfected patients. Whereas early case reports suggested exaggerated treatment toxicity in HIV-infected patients, and concerns about the interactions of cytotoxic and HIV therapies exist [42] [43] [44] [45] , currently available data suggest comparable treatment toxicity and completion rates among HIV-infected and HIV-uninfected lung cancer patients [20, 24, 27, 28, 30, [46] [47] [48] [49] . Because HIVinfected patients are often excluded from clinical trial participation [50] , provider reluctance to treat some patients may partly arise from the limited information available on the efficacy and safety of cancer treatment in HIV-infected patients. Additional factors such as low socioeconomic status, lack of social support, lack of medical insurance, delays in specialty referral, or provider bias against HIV-infected patients may have played a role in lowering the proportion of HIV-infected lung cancer patients who were treated.
An expected finding was that associations between HIV infection and mortality were stronger for all-cause mortality than for lung cancer-specific mortality, because HIV-infected people are at risk of dying from noncancer causes, such as AIDS-related infections. The effect of HIV on mortality was lower in people with HIV-only than in people with AIDS, and it decreased over time. These results likely reflect differences in mortality from AIDS-associated morbidities, better tolerance of cancer treatment in less immunosuppressed HIV-infected patients, and improvements in HIV care over time. Two sets of results may suggest that lack of appropriate cancer treatment contributed to the poor survival of HIVinfected individuals following a lung cancer diagnosis. First, the association of HIV with lung cancer-related mortality was somewhat attenuated once treatment was added to the regression model (hazard ratio 1.25 vs. 1.34; all stages combined, Table 4 ). This attenuation was also observed in analyses stratified on calendar year of cancer diagnosis and among people with AIDS (Table 4) . Thus, we show that cancer treatment offered to HIV-infected patients in different settings appears to affect postcancer survival. Second, although a test for interaction was not significant, the association between HIV infection and lung cancer-related mortality appeared weaker in people who received cancer treatment (adjusted hazards ratio treatment: 1.16 vs. no treatment: 1.32). Nonetheless, in the absence of clear differences in these analyses, we cannot draw a definitive conclusion, and we note that HIV was associated with elevated cancer-related mortality even among treated patients.
We found that HIV-infected people with distant stage NSCLC were less likely to receive cancer treatment than HIV-uninfected people with distant stage disease. The difference in treatment was smaller for distant stage NSCLC compared with early stage NSCLC (Table 2) , perhaps because clinicians recognize that outcomes of distant stage NSCLC are uniformly poor. Nonetheless, palliative cancer treatment in this group of patients may improve quality of life [51] and, therefore, benefit both HIV-infected and HIV-uninfected patients with lung cancer. We could not ascertain quality of life in our dataset. Also, we did not observe significant differences in treatment for HIV-infected individuals with small cell lung cancer. This may be due to the small number of HIV-infected patients with small cell lung cancer and lack of statistical power, or could reflect a more straightforward treatment paradigm, with chemotherapy being the mainstay of treatment.
Our study has several limitations. First, aspects of HIV disease that characterize its severity, including CD4 cell count, use of HAART, and comorbid illnesses, affect candidacy for treatment and survival [20, 22, 45 ], but we did not evaluate these factors. It would have been of interest to examine whether treatment and mortality differed among HIV-infected lung cancer patients according to CD4 cell count. Unfortunately, the Texas eHARS did not have these data for the entire study period, and data at the most relevant time points (i.e. lung cancer diagnosis) were not systematically available. Second, we lacked data on socioeconomic status, medical insurance, performance status, and comorbid illness, all of which affect access to and receipt of treatment [22, 27, 52] . Performance status and comorbidities also affect the likelihood of completing cancer therapy. Additionally, only the first course of therapy was recorded by the cancer registry, and in spite of quality assurance activities by the Texas Cancer Registry to validate treatment data (i.e. linkage with claims databases and chart audits), treatment data were incomplete for 14% of patients with NSCLC. Finally, our study sample was limited to lung cancer patients in Texas, and our results may not be generalizable to other cancers or US regions.
In conclusion, we found that HIV-infected patients with lung cancer were less likely to be treated for their cancer than HIV-uninfected patients, and this disparity may have contributed to poorer survival. The underlying reasons for the observed disparity in cancer treatment are unclear, and further investigation is warranted to identify potential explanations.
